No-till farmers who want more from their cover crops (CCs) are delaying CC termination until the main crop is planted. Delaying termination can help dry wet soils and reduce erosion. This process is referred to as planting green (PG). We hypothesized that PG would (i) dry soil at main crop planting, but conserve soil moisture later in the growing season; (ii) reduce soil temperature; (iii) reduce slug damage on main crops; and (iv) not reduce main crop yield. This experiment was conducted in Pennsylvania between 2015 and 2017 to compare two CC termination dates: preplant killed (PK) and planting green (PG) in corn (Zea mays L.) and soybean [Glycine max (L.) Merr.]. Planting green increased CC biomass an average of 94% and 94 to 181% compared to PK preceding corn and soybean, respectively. Soil was 7 to 24% drier and 0.9°C cooler at corn planting, and 8% drier and 0.7 to 2.4°C cooler at soybean planting in PG compared to PK. Slug damage was not different, lower, or higher in PG corn, and not different or lower in PG soybean compared to PK. Corn yield was reduced and not impacted by PG in higher and lower yielding environments, respectively. Soybean yield was stable across locations, and not affected by cover crop termination date. We concluded that corn was more vulnerable to yield losses from conditions created by PG than soybean; therefore, growers who desire potential benefits and lower risk from PG should first consider soybean.
C ompared to tilled soil, no-till soils are cooler and wetter (Blevins et al., 1971; Carter, 1994; Imholte and Carter, 1987; Mock and Erbach, 1977) , potentially delaying planting dates and seed germination. This problem is exacerbated by CCs (Teasdale and Mohler, 1993; Unger and Vigil, 1998) . Therefore, despite the benefits of these conservation practices, no-till farmers who use CCs tend to delay main crop planting longer than their neighbors, especially in humid, temperate regions (Arbuckle and Roesch-McNally, 2015; Blanco-Canqui et al., 2015; Carter, 1994; Perez-Bidegain et al., 2007; Vincent-Caboud et al., 2017) .
Planting through decaying CC residue, planting too early, or having rainfall between CC termination and main crop planting, may result in poor seed slot closure, seed-to-soil contact, and crop establishment. After planting, concerns about soil moisture often shift from having too much water to having too little. Summer drought in humid parts of the Americas and Europe can be common (Griffiths and Bradley, 2007; Hatfield et al., 2015; IPCC, 2014; Tobin et al., 2015) . Cover crop residues can act as a mulch and benefit main crops by conserving summer soil moisture (Blanco-Canqui et al., 2015; Clark et al., 1997; Unger and Vigil, 1998; Vincent-Caboud et al., 2017) , which could benefit many growers in these regions (Berman et al., 2012; Prasad et al., 2018) .
Another challenge facing no-till growers in humid temperate regions is slugs, particularly the gray garden slug Deroceras reticulatum, which thrive in cool, damp environments. These molluscs can eat crop seeds before they emerge and defoliate a variety of emerged crops, and can be perennial problems for many no-till growers (Douglas and Tooker, 2012; Storr et al., 2019) . Tillage decreases slug populations by disturbing slug habitat and burying eggs. However, many no-till farmers are hesitant to manage slugs by plowing for fear of reversing accumulated benefits of long-term no-till (Stavi and Owens, 2011) . In these long-term no-till systems, slug management is especially challenging because of a few consistently reliable and economical means of control (Douglas and Tooker, 2012) . Farmers can manage slugs using baits, which can include active ingredients like metaldehyde (2,4,6,8-tetramethyl-1,3,5,7-tetroxocane) or iron; however, baits can be expensive (Douglas and Tooker, 2012) , and may not persist in typical wet spring conditions due to water solubility (Bailey, 2002) . Slug damage can also be exacerbated by insecticides, including seed coatings or broadcast applications, both of which tend to reduce populations of predators that eat slugs (Douglas et al., 2014; Hill et al., 2017) .
Despite these challenges, a burgeoning soil health movement along with tightening environmental regulations leaves many growers dedicated to no-till and cover cropping. Some of these growers have started PG, which can extend (or increase) the benefits from CCs. In this practice, growers delay CC termination until main crop planting or shortly after, instead of the common practice of CC termination typically 1 to 2 wk preplant. Allowing CCs to grow longer and accumulate more biomass can reduce soil moisture at main crop planting (AlonsoAyuso et al., 2014; Mirsky et al., 2011) , potentially providing better conditions for planting at an earlier date. Longer-lived CCs can also provide better soil cover (through increased biomass) than early-killed CCs (Duiker and Curran, 2005; Clark et al., 1994 Clark et al., , 1997 Mischler et al., 2010; Prabhakara et al., 2015; Teasdale and Mohler, 1993) , and by doing so, reduce raindrop impact, soil detachment, and erosion (Gyssels et al., 2005; Renard et al., 1991) . Greater CC biomass has also been shown to improve some soil health parameters such as bulk density (Duiker and Curran, 2005) , water holding capacity (Basche et al., 2016) , infiltration (Blanco-Canqui et al., 2015) , and soil C (Karlen et al., 1994) . Further, more biomass and residue cover can improve weed suppression (Mischler et al., 2010; Finney et al., 2016) , reduce nutrient leaching from the system (Alonso- Ayuso et al., 2014; Farsad et al., 2011; Finney et al., 2016) , and extend the time for N 2 fixation by leguminous CCs (Cook et al., 2010; Wagger, 1989; Ketterings et al., 2015) . More CC biomass may also provide habitat for beneficial arthropods (Finke and Denno, 2002) including slug predators, potentially providing slug predator suppression, while the living CC may provide alternative food for slugs, further reducing slug damage of main crops (Brooks et al., 2005; Le Gall and Tooker, 2017) . Growers have been increasingly interested in using PG to maximize these ecosystem services, but there are few published studies that quantify the impacts of the practice on which to base management recommendations for corn and soybean in the region.
Several reduced-tillage organic studies evaluating delayed cover crop termination for biomass production seeking increased N provision and/or weed suppression have revealed challenges with the practice (Mirsky et al., 2012) . One of largest challenges associated with planting into large, living CC is establishment of the main crop. Soybean stand establishment can be hindered due to interference from heavy CC residue, as well as heavy residue causing very dry or very wet soils, that contribute to respective problems of seed desiccation or seed rot, depending on the weather (Mirsky et al., 2012) . Previous literature on PG in conventional systems is limited. In some cases, CC termination was delayed to evaluate impacts on N dynamics, or to grow more biomass for weed suppression; however, corn planting was also delayed in these studies (Clark et al., 1997; Duiker and Curran, 2005; Sainju and Singh, 2001) , so main crops were not sown into living cover. The few studies wherein CC termination was delayed until or after planting showed positive (Gailans, 2016) , negative (Liebl et al., 1992) , and neutral (Duiker and Curran, 2005; Gailans, 2016) impacts on soybean and corn.
With high grower interest and published research results lacking, we evaluated PG in a range of conditions in Pennsylvania, with varying microclimates, crop rotations, equipment, and agronomic management. Our objective was to quantify if PG can potentially help farmers manage soil moisture and slugs, while maintaining comparable main crop yield to earlier CC termination. We hypothesized that delaying CC termination would (i) dry soil at main crop planting, but conserve soil moisture later in the growing season; (ii) reduce soil temperature; (iii) reduce slug feeding damage on main crops; and (iv) not reduce main crop yield.
MATERIALS AND METHODS
This experiment was initiated in fall 2014 and conducted for three growing seasons at five locations each season, including two Penn State University Research Stations and three cooperating grower sites in central and southeastern Pennsylvania (Table 1) . Although all sites were no-till with cover crops, individual sites differed from one another relative to equipment, timing, herbicide use, main crop variety, and cover crop species. The following paragraphs briefly describe each study site, from northernmost to southernmost, and are summarized in Table 1 .
The Clinton County Cooperator Site was located on a 1000-cow dairy farm in Loganton, PA (41°01'55.6" N 77°14'33.6" W) in a field with a 30 + year no-till, CC history. The operation grew much of its feed, using a corn (grain and silage) and soybean rotation, and harvested rye (Secale cereale L.) or triticale (Triticale hexaploide L.) for forage or used it as a CC in addition to diverse CC mixes throughout the farm. The fields were a mix of silt-loams and gravelly loams, had a history of manure applications (approximately 56,000 L ha -1 liquid dairy manure in fall and spring). This was the only site that used the same two fields for all 3 yr of the experiment. Fields were rotated between corn and soybean, maintaining PK or PG plot layout and dimensions. Plots were 18 and 12 m wide in the field that started in soybean, and corn, respectively; all plots were at least 160 m long. This was also the only site that received a sublethal dose of herbicide that included 0.016 kg a.i. ha -1 chlorimuron ethyl + 0.005 kg a.i. ha -1 tribenuron methyl + 0.33 kg a.e. ha -1 2, 4-D applied to the entire soybean experiment in mid-April each year to slow, but not kill the triticale CC. With PG, triticale before corn was rolled down using planter-mounted zone residue management units (ZRX, Dawn Equipment Company, Sycamore, IL) in 2016 and 2017, but not in 2015 at this site. A Kinze no-till planter (2015, 38 cm rows; 2016-2017, 76 cm rows) and John Deere no-till drill (19 cm rows) were used for corn and soybean planting, respectively.
The Centre County Cooperator Site was located at a 30 yr zero-tillage, cover-cropped grain farm in Spring Mills, PA (40°51'09.1" N 77°35'27.7" W). The operation grew cash grains and sold forages to local dairies, though corn had been excluded from the crop rotation for several years preceding the experiment. The grower had also been planting green for 6 yr at the initiation of the experiment, and perennial legumes were regularly included in the rotation, but there was no history of manure amendment, or application during this study. Different fields were used each year but were in close proximity to one another, consisting mostly of silt loams. Rye was never roll-crimped at this site, and the grower typically aimed to terminate vegetative rye at 46 cm or shorter. A Kinze no-till planter with Shark Tooth row cleaners (Yetter Farm Equipment, Colchester, IL) and drag chains to aid row closure in high residue was used to plant soybean only on 76 cm rows. Plots were 6.1 by at least 90 m.
The Russel E. Larson Agricultural Research Center is in Pennsylvania Furnace, PA (40°42'38.7252" N 77°57'52.1712" W) and the Southeast Agricultural Research and Extension Center is located in Landisville, PA (40°07'05.3" N 76°25'29.4" W). These Pennsylvania State University Research facilities are heretofore referred to as Rock Springs and Landisville, respectively. All fields had been managed with no-tillage for at least 3 yr before the study was initiated, and there was no history of manure amendment. Soils consisted mainly of loams and silt loams, both corn and soybean experiments were conducted at these sites, and a rye cover crop preceded both. Plots were 18 by 18 m in the corn experiment and 9 by 18 m in the soybean experiment. All main crops were planted in 76 cm-wide rows with a John Deere conservation planter model 7200, equipped with double disk openers and a zone residue management system (ZRX, Dawn Equipment Company, Sycamore, IL) on each row unit. The closing apparatus consisted of one cast iron and one toothed closing wheel and drag chains.
The Lancaster County Cooperator Site was located at a 30 + year no-till, cover-cropped, diverse agronomic and truck crop operation in Holtwood, PA (39°51'38.2" N 76°18'08.6" W). Different fields were used in each year of the experiment but were in close proximity to one another and predominantly silt loams. Plots were 5 m wide by at least 120 m long. Both corn and soybean experiments were conducted, excluding soybean in 2015. A triticale cover crop preceded all experiments except corn in 2016, which was planted into a triticale, Austrian winter pea (Pisum sativum, L.), hairy vetch (Vicia villosa R.), and radish (Raphanus sativus L. var. niger J. Kern.) mixture. Cover crops were always planted with a John Deere conservation corn planter (Deere and Co., Moline, IL) in 38 cm-wide rows, different from all other locations in this study, which drilled CCs in 19 cm rows. The grower did not roll-crimp CCs in 2015 but did in 2016 and 2017. Both corn and soybean were planted with a John Deere conservation planter (Deere and Co., Moline, IL), with corn at 76 cm and soybean at 38 cm row widths.
Fertility management varied among locations. Cooperators and farm managers maintained optimum pH, P, and K for corn and soybean production based on soil tests; where amendments were required, they were the same across treatments at each location. For all corn fields and soybean fields except Clinton Co., 47 L ha -1 starter fertilizer (7-21-7) was dribbled in-row or beside the row at planting depending on planter setup. At Rock Springs and Lancaster Co., urea (46-0-0) + N stabilizer was broadcast at 73 to 78 kg N -1 within 1 wk of corn planting and urea ammonium nitrate (UAN) (30-0-0) supplied an additional 90 to 123 kg N ha -1 at side dress. At Landisville, UAN was dribbled at planting and side dress to deliver 67 kg N ha -1 and 112 to 135 kg N ha -1 , respectively. The Clinton Co. site applied manure and no additional inorganic N. No additional N fertilizer was applied to soybean.
Experimental Design and Data Collection
All experiments had two treatments: CC terminated preplanting (PK) or terminated after PG. The experiments were set up in a randomized complete block design with four blocks (replications). Approximately 1 to 3 wk before the desired main crop planting date each year, PK treatments were sprayed with the cooperator's choice of burn-down herbicide; at all site-years except Clinton Co. in 2016, this included glyphosate [N-(phosphonomethyl) glycine] at 0.86 kg a.e. ha -1 . At research station soybean experiments, 0.02 kg a.i. ha -1 saflufenacil (N´-{2-Chloro-4-fluoro-5-[1,2,3,6-tetrahydro-3-methyl-2,6-dioxo-4-(trifluoromethyl)pyrimidin-1-yl]benzoyl}-N-isopropyl-N-methylsulfamid) was added to control glyphosate-resistant horseweed (Conyza canadensis L.). Cover crop termination date did not influence planting date (Table 1) . Number of days between PK and PG varied among site-years depending on several factors, including: weather, cooperator preference and equipment; soil fertility; phenological stage of cover crop; preceding crop residue; etc. Seed insecticide and fungicide were not used at any location to prevent non-target injury to slug predators. Relative maturity for corn hybrids ranged from 94 to 98 d at northernmost Clinton Co. and Rock Springs, to 106 d at southernmost Lancaster Co. and Landisville. All corn hybrids were glyphosate tolerant; they also included Bt traits at all sites except Rock Springs to minimize pest injury risk. Corn was seeded at 88,958 seeds ha -1 with a target planting depth of 5 cm. Imholte and Carter (1987) suggested that increased corn seeding rates may be required to overcome reduced emergence in no-till systems; our farmer advisory panel suggested further increasing corn seeding rates 5 to 10% to overcome additional challenges with PG. A 2.8 maturity, glyphosate and sulfonylurea herbicidetolerant soybean variety was planted across site-years, except Rock Springs 2016, where a 2.6 maturity variety was substituted. Soybean was seeded at 350,500 seeds ha -1 across site-years, except at Lancaster Co., where a 308,750 seeds ha -1 rate was used at the cooperator's discretion, with a target planting depth of 3.8 cm. The PG treatment was usually terminated within 5 d after planting, again with 0.86 kg a.e. ha -1 glyphosate. Clinton Co. in 2016 was managed differently: 0.84 kg a.i. ha -1 paraquat (N, N´-dimethyl-4,4´-bipyridinium dichloride) was used for the PK burn-down, 0.86 kg a.e. ha -1 glyphosate was used for termination after PG in the soybean experiment, and 1.3 kg a.i. ha -1 atrazine (1-Chloro-3-ethylamino-5-isopropylamino-2,4,6-triazine) +1 kg a.i. ha -1 S-metolachlor [(RS)-2-Chloro-N-(2-ethyl-6-methylphenyl)-N-(1-methoxypropan-2-yl)acetamide] was added to the glyphosate for termination after PG in the corn experiment to diversify the herbicide program. Post-emergence herbicides were applied at cooperator discretion. Appropriate adjuvants were included for all herbicide applications.
At all sites, cover crop biomass was sampled at both PK and at PG. Biomass was clipped to the soil surface within 4, 0.25 m 2 quadrats for a total of 1 m 2 in each plot, then dried at 70°C and weighed. Soybean damage assessments were performed at the cotyledon (VC) stage, and corn damage assessments were performed at the five leaf (V5) stage. Total soybean plants in 1.5 m row length, and corn plants in 3 m were counted in five random locations in each plot, avoiding border rows; the number of plants with signs of slug damage was also recorded at each location. Main crop populations and percent of plants with slug damage were extrapolated to per-hectare values and averaged.
A hand-held soil moisture meter (FieldScout TDR100) was used to measure volumetric water content (VWC) from 0 to 8 cm at or as soon as possible after main crop planting. Measurements were taken between main crop rows, not within the disturbed furrow, at four locations within each cooperator plot and two locations within each research station plot. Measurements were also taken weekly thereafter. Soil temperature was measured at the same time as soil moisture using a digital thermometer, reading to ±0.6°C accuracy. The hole made using the FieldScout was used as the pilot hole for the thermometer, so that readings were taken from the same 0-to 8-cm depth and location.
At the research stations, the middle two rows of the 18 or 9 m wide corn and soybean plots, respectively were harvested for grain using small plot combines (for corn and Rock Springs soybean: Almaco SPC-40, Almaco, Nevada, IA; for Landisville soybean: Wintersteiger Elite, Wintersteiger, Ried im Innkreis, Austria) equipped with yield and grain moisture monitors (corn at both locations and soybean only at Rock Springs). Landisville soybean was harvested with a small plot combine, bagged, and weighed and moisture was measured as soon as possible after the entire experiment was harvested. In Lancaster Co. entire corn plots were harvested with a commercial combine, and at all other cooperator experiments, at least the middle six rows of each plot were harvested according to individual combine header sizes, and at least 1 m of border was left between plots. A weigh wagon was used at the Centre and Clinton County sites, and a truck and pad scales were used at the Lancaster County site. Grain moisture was measured with a handheld moisture tester (a Farmex MT-Pro). Each plot was harvested individually and then weighed, and yield was calculated by dividing the weight of the load by the area of the harvested plot, standardized to 15.5% moisture for corn and 13% moisture for soybean.
Weather
The Köppen climate regime for the study area was warmsummer humid continental for northern sites, and humid subtropical for southern sites. Weather was highly variable between site-years for the duration of the study, which allowed us to evaluate PG in a range of conditions. Reliable daily weather data was only available from Rock Springs and Landisville, but these sites were fewer than 56 and 32 km from the other northern and southern site(s), respectively, and were used as a reference (Table 2) . Weather data for Landisville was gathered from NOAA GHCND:USC00364778, and from NRCS SCAN site no. 2036, with a USDA ARS laboratory weather station at Rock Springs supplementing any missing data.
Landisville was 3°C warmer on average than Rock Springs. Both sites received less rainfall than the 30-yr normal in 2015, along with temperatures 4 and 3°C warmer than normal in May, at Landisville and Rock Springs, respectively, followed by mild summer temperatures and higher rainfall than normal in June and July. Both sites recorded about average temperatures for the 2016 growing season, with less than normal but timely rainfall around planting in May, followed by dry conditions in June, which lessened in July. In 2017 April was 1.3 and 3.5°C warmer, but May was 3.2 and 1.6°C cooler than normal at Landisville and Rock Springs, respectively. Rainfall was higher than normal at both sites in April 2017, but rainfall tapered off as the summer progressed at Landisville. On the other hand, twice the 30-yr normal rainfall fell in May and July at Rock Springs. Additionally, cloudiness increased each year, with Rock Springs receiving 30 and 45% less solar radiation in April and May 2017, respectively, than in April and May 2015.
Statistical Analysis
Cover crop biomass, main crop population, soil moisture, and temperature at main crop planting, slug damage, and main crop yield were analyzed using the PROC MIXED procedure of SAS 9.4 (SAS Institute, 2013). For each site-year, termination timing (PK or PG) was fixed and block was random. If residuals for each measurement did not differ at α = 0.01 according to a two-tailed F test, data were pooled across years and sites, and year was included in the model as a fixed effect, along with termination timing × year interaction. Replicated blocks nested within site and year, site, and site interactions with fixed effects were considered random. When residuals were different at α = 0.01, data were pooled into smaller geographically sorted groupsnorthern (Centre Co., Clinton Co., and Rock Springs) and southern (Lancaster Co. and Landisville), and analyzed using the same model. When residuals among geographical groups were different at α = 0.01, site-year data was considered individually. LSMEANS for all models were considered different at P < 0.1, and the SLICE statement was used to elucidate any interactions.
Yield stability analysis as described by Finlay and Wilkinson (1963) and Eberhart and Russell (1966) was used to compare our treatments across 14 site-years for soybean, and 12 site-years for corn. For each main crop and site-year, or environment, mean yields were calculated, and then ranked from low to high. Treatment mean yields were then regressed on their corresponding environment mean yield which had a slope of b = 1 using PROC REG. A slope significantly greater than 1 was interpreted as a treatment being better adapted to higher-yielding environments, while a slope lower than 1 was interpreted as a treatment better adapted to lower-yielding environments, with a slope of 1 most stable across environments. Lower error variance was also interpreted as more stable across environments.
RESULTS AND DISCUSSION

Cover Crop Biomass
Cover crop biomass in the corn experiment was significantly influenced by main effects of termination timing (P = 0.012) and year (P = 0.071). The CC biomass was 94% greater for PG than PK on average across years, because CC had 4 to 30 more days of growth in the PG treatment compared to the PK treatment (Table 3) . Averaged across locations and termination timing, CC biomass was 174% greater in 2016 and 63% larger in 2017 than 2015 (Table 3) . Greater biomass in 2016 can be attributed to factors that increased plant productivity in 2016 and others that limited productivity in 2015 and 2017 including: (i) regular heavy rainfall in spring 2016 that prevented field entry, resulting in longer periods between PK and PG and more biomass accumulation; (ii) in 2015, a dry spring limited the time difference between PK and PG, resulting in comparatively lower biomass accumulation; and (iii) in May 2017, abnormally cool temperatures and cloudiness across the state resulted in less biomass accumulation, despite long delays between PK and PG (Tables 1 and  2 ). In soybean, CC biomass was 132, 94, and 181% larger in PG than PK in 2015, 2016, and 2017 respectively, with no difference in CC biomass among years for PK treatments; but CC biomass in PG treatments was 74 and 117% greater in 2016 and 2017 than 2015, respectively (Table 4) . Cover crop biomass in both corn and soybean experiments were similar to others in the mid-Atlantic region (Duiker and Curran, 2005; Clark et al., 1997) .
These results reveal how dependent PG is on spring weather conditions, and how management of the system must adapt to the weather conditions. For instance, the larger CC biomass in 2016 and 2017 resulted in Clinton Co. and Lancaster Co. cooperators roll-crimping CC at planting, while in 2015, interference from the CC with main crop establishment was not a concern. This management change in response to the environment, like the shortened delay between PK and PG in 2015 with dry weather, exemplifies the effort needed to modify management when necessary based on weather.
Soil Moisture and Temperature
Cover crop termination timing had a significant effect on soil moisture at corn planting in northern sites (P = 0.0726) and at soybean planting in all site-years (P = 0.079), while there was a significant termination timing × year interaction (P < 0.0001) for soil moisture at corn planting in southern sites. The PG soil Table 2 . Monthly precipitation and average monthly temperatures for early 2015 to 2017 growing seasons, and 30-yr normals at Landisville and Rock Springs. was 12% drier at planting than PK soil in northern corn sites, 8% drier in soybean, and 24 and 7% drier in southern corn sites in 2016 and 2017, respectively (Tables 3 and 4) . Conversely, soil in the PG corn treatment contained 9% more water than PK in southern corn sites in 2015; the PK treatment in 2015 was also the driest of the 3 yr of the study (Table 3) . When site-years in both experiments were examined individually, by a few weeks after planting, soil was typically moister in the PG than the PK treatment (representative data shown in Fig. 1a) , especially in site-years with greater than 10 d between PK and PG. This benefit of PG was likely important for maintaining crop water status during dry periods, such as summer 2016, but was of minimal value during periods of regular rainfall which recharged soil water, as in most of 2017. This benefit was less apparent in site-years with fewer than 10 d between PK and PG (Fig. 1b) , Most of these site-years occurred in the dry spring of 2015. Soil temperature was also significantly influenced by termination timing. At the northern corn experiment, soil was 0.9°C cooler at planting in PG compared to PK, (P = 0.021; Table 3 ). Similarly, soil was cooler in PG when compared to PK at all soybean experiments except Centre and Clinton Co. in 2015 when soil temperatures did not differ (Tables 4 and 5 ). Soil temperature was 1.8°C and 0.7 to 2.4°C cooler in PG compared to PK at southern sites (P < 0.0001) and northern sites (P < 0.1), respectively. Possibly due to the cooler soil temperature, we visually observed about a week delay in main crop emergence and a corn and soybean maturity lag behind PK for the entire growing season (data not shown).
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Though we could not pool northern soybean site data and compare across years, soils in soybean experiments at Centre Co., Clinton Co., and Rock Springs were up to 15.9°C colder in 2017 than 2016 (Table 5 ). Since southern soybean sites and all corn site data were pooled for analysis, they are not shown for individual site-years. However, soils in the pooled southern soybean group were also cold in 2017 compared to previous years, especially compared to 2016.
We attribute the moisture savings to the higher biomass residue mulching effect, measured in other studies (Clark et al., 1997; Teasdale and Mohler, 1993) ; along with more mature, higher C/N residues decomposing more slowly than those killed preplant (Wagger, 1989) . However, a potential drawback of more residue was that the soil was cooler in the PG than the PK throughout the growing season in most site-years, not just at planting (representative data shown in Fig. 2a ). This likely Table 3 . Treatment influence (preplant kill, PK or planting green, PG) on cover crop biomass, volumetric soil moisture (0-8 cm) at corn planting, soil temperature (0-8 cm) at corn planting, corn population, slug damage at corn five-leaf stage (V5), and corn grain yield (at 15.5% moisture) for data pooled across all 12 site-years or pooled geographically. Values (lsmeans) with different lowercase letters (a,b) are significantly different (P < 0.1) between rows (year), while capital letters (A,B) slowed N mineralization (St. Luce et al., 2011) , and explains the observed delay in crop emergence and development for both corn (Griffith et al., 1973; Burrows and Larson, 1962; Cutforth et al., 1985; Bollero et al., 1996) and soybean (Hatfield and Egli, 1974; Hobbs and Obendorf, 1972) . Delayed emergence may have promoted infection by pathogens such as Pythium spp. and Fusarium spp., as measured in corn in 2 site-years in Iowa (Acharya et al., 2017) , though pathogens were not evaluated in our study. Certain conditions tempered the influence of treatments on soil moisture and temperature. The Clinton Co. fields had a corn-soy rotation and a buildup of old cornstalk residue that almost completely covered the soil surface, even without the presence of a CC. The cooling effect of PG was also less apparent at site-years with fewer than 10 d between PK and PG, adding to existing evidence that quantity of biomass can significantly influence soil temperature. These data on the PG influence on soil moisture support our first hypothesis that PG would dry soil at main crop planting. Prior research has shown similar soil drying (Gailans, 2016; Leibl et al., 1992; Munawar et al., 1990 ) and our results provide additional evidence for soil cooling from a comparable study, when CC continued to grow until planting, compared to CC terminated earlier (Teasdale and Mohler, 1993) . Whether CC residue is rolled or remains standing has not been shown to influence soil moisture and temperature measurements at main crop planting but rolling CC can increase moisture conservation (Munawar et al., 1990; Kornecki et al., 2009 ) and weed suppression (Davis, 2010) later in the growing season.
Main Crop Plant Populations
Termination timing only had a significant effect on corn population at Lancaster Co. in 2017 (P = 0.021), where PG resulted in a 20% stand reduction compared to PK CC (Table 6 ). Despite increasing the corn seeding rate by 10% above the recommended no-till corn seeding rate to accommodate potential residue interference, corn population overall was low, averaging 27% below, but ranging between 45 and 15% below the seeding rate of 88,958 seeds ha -1 (Tables 3 and  6 ). Year influenced soybean populations, but only in the northern study sites (P = 0.094; Table 4 ). Soybean populations at northern sites were 28 and 30% lower in 2017 than 2015 and 2016, respectively (Table 4) . May 2017 was cold and wet and possibly had a detrimental effect on crop populations at northern sites. In addition, tall rye lodged in the direction of soybean drilling by a severe windstorm at Clinton County that year, adding another factor compromising soybean establishment. The poor corn establishment in general may be explained by residue interference at planting, residue shading of young corn plants after emergence, and/or cool soils being detrimental to emergence. Rye residue interference with soybean or corn stand establishment has also been observed in other experiments (Duiker and Curran, 2005; Liebl et al., 1992) .
Considering all corn and soybean site-years independently (no pooling) revealed trends about PG influence on main crop populations. For example, we observed difficulty achieving desired planting depth across sites in the dry spring of 2015, and populations trended lower across sites in PG compared to PK. Conversely, we observed that the drier soil in the PG treatment contributed to better planting conditions than the PK treatment across sites in the wetter springs of 2016 and 2017, and populations trended higher in PG than PK or there was no difference between treatments for both years (data not shown).
Slug Damage
Slug damage assessments were performed in 2016 and 2017 only, due to dry weather and the resulting minimal slug populations in 2015. At northern sites, slug damage in corn in 2017 was 167% higher than 2016 (P = 0.023; Table 3 ). At Lancaster Co., termination timing significantly affected corn slug damage both years it was measured, where slug damage was 174% higher and 26% lower in PG than early kill in 2016 and 2017, respectively (Table 6 ). In soybean, in 2016 only, slug damage was 56 and 32% lower in PG than PK at Lancaster Co. (P = 0.064) and Landisville (P = 0.006), respectively (Table 5) . These results for soybean, and for 1 yr of corn support our hypothesis, that PG would reduce slug damage compared to PK by providing slug predator habitat and alternative forage for slugs (Le Gall and Tooker, 2017) . The higher average slug damage in 2017 is not surprising, considering that gray garden slugs have been shown to be most active between 10 and 15°C (Young et al., 1991; Wareing and Bailey, 1985) , and prefer humid conditions (Shirley et al., 2001; Young and Port, 1989; Young et al., 1993) .
The 26% reduction in slug damage in PG corn in 2017 could be because our damage ratings were on emerged plants exclusively, and although damage on emerged plants was lower in PG, it is possible that the 20% reduced corn population at the Lancaster Co. site in 2017 could have been in part due to slugs feeding on seeds before emergence (Barratt et al., 1994; Hammond, 2000; Douglas, 2016) in addition to cooler soil, CC biomass residue interference, and possible seed pathogens. The mixed influence of PG on slug feeding on corn in Lancaster was surprising. Slugs have been shown to prefer higher protein than carbohydrate diets, shunning corn for vegetative rye (LeGall and Tooker, 2017) , part of the supporting evidence for why PG should help reduce slug damage (in addition to slug predator habitat provision). Therefore, in 2016, we expected slugs to forage on the CC mixture that contained hairy vetch and Austrian winter pea, instead of the corn. One possible explanation for the 174% higher slug damage in PG in this site-year is that in the 30-d delay between PK and PG, much of the succulent PK residue decomposed, and slugs migrated from the PK plots to PG for refuge from heat. Gray garden slugs have been reported to move up to 12 m in 1 d and have been shown to move away from high temperatures toward low temperatures, between 20 and 30°C (South, 1992) . Also, despite drier soil at planting, shortly thereafter PG soil was wetter than PK soil (representative data shown in Fig. 2 ), providing better habitat for slugs. Then, by corn stage V5 at the Lancaster Co. site (sampling date 2 July 2016), slug activity density was four times higher in PG, at 2.75 slugs trap -1 compared to 0.69 slugs trap -1 in PK (data not shown), and PG residue still provided better slug habitat than PK; so, PG corn was the better forage source for the abundant slug population, contrary to our hypothesis. Additionally, the delayed PG termination in 2016 resulted in mature CC mixture, that despite the presence of legumes, probably had a higher C/N ratio than the seedling corn, causing the slugs to seek the corn as forage instead of the CC.
Corn and Soybean Yield
Corn yield was influenced by termination timing at Lancaster Co. only, where PG corn yielded 10% (P = 0.055) and 5% (P = 0.024) less than PK in 2016 and 2017, respectively (Table 6 ). The significantly reduced corn yield at Lancaster Co. in 2016 corresponded with the severe early July defoliation by slugs in PG corn that site-year (Table 6 ). We speculate that the month-long drought that followed at that site likely intensified the negative effects on the already stressed corn, resulting in reduced yield (Table 2 ; Haile, 2000) . The 5% PG corn yield reduction at the same site in 2017 corresponded with the significantly 20% smaller PG populations.
Corn yields did not differ significantly between PG and PK at the other 9 site-years. Though not significant, corn yield trended lower in PG at northern sites in 2015 and 2017, and higher in 2016 (Table 3) . Both northern sites also experienced an armyworm outbreak that reached the economic threshold of 25% damage in 2017, but damage levels in PG were either not different (Rock Springs, P = 0.99) or lower (Clinton Co., P = 0.0004) than PK.
Soybean site-years were pooled, and soybean yield was not different between treatments or years (Table 4) , a testament to the yield compensation capacity of soybean (Carpenter and Board, 1997; Weber et al., 1966) . These results support our hypothesis that PG would not reduce yield compared to PK for soybean, but do not support our hypothesis for corn. Previous research on delayed CC termination that found no difference in corn yield between treatments emphasized the importance of planter set-up and minimizing residue interference for success (Duiker and Curran, 2005; Raimbault et al., 1991) . Though better residue management may have improved corn yields in this experiment, we suspect that our corn yields in 2 of 12 site-years were reduced by a combination the PG soil cooling effect on crop germination and growth and possibly N mineralization, as suggested by paler green leaves and firing of lower leaves observed in the PG treatment; slug damage, and suboptimal weather.
Yield Stability
Linear regression models that compared yield to environment including all site-years were a good fit for both PK corn yield (R 2 = 0.95, P < 0.0001) and PG corn yield (R 2 = 0.86, P < 0.0001) Fig. 3 . Since the PK treatment slope was greater than 1, while PG corn slope was less than 1, we can conclude that these management practices influenced yield differently across the range of environments in this experiment. The slope of 1.2 for PK indicates that killing CC 5 to 30 d before corn planting was more beneficial in higher-yielding environments, while yield with PG was insensitive to changes in the environment, and that PG was not beneficial at lower yielding environments, but it was less detrimental than at higher yielding environments (Petersen, 1994) . The greater stability across environments for PG is confirmed by its lower error variance (MSE = 18,443) than PK (MSE = 82,343). The six highest yielding environments wherein PG was detrimental to yield consisted of: all years at Lancaster Co., and in 2015 Clinton Co., Landisville, and Rock Springs. Notably, the lowest four yielding environments were both research stations in 2016 and 2017 and all six of the lowest yielding environments were from 2016 and 2017, with RockSprings 2017 as the low outlier environment, where the cold, wet weather and high pest damage from slugs and armyworm were significant. Table 6 . Treatment (preplant kill, PK or planting green, PG) influence on corn population, slug damage, and corn grain yield (at 15.5% moisture) for individual site-years that could not be pooled. Values (lsmeans) with different letters (A,B) indicate a significant difference between columns (treatment) within years. Standard Error for within-year treatment comparisons shown.
Site
Year Lancaster Co.  2015  74,903A  74,747A  --10,299A  9,102A  2016  67,787A  67,453A  27B  74A  11,665A  10,503B  2017  60,411A  48,570B  81A  60B  10,225A  9,747B  Landisville  2015  66,352A  58,932A  --11,660A  10,677A  2016  73,525A  75,676A  28A  24A  10,066A  9,516A  2017 61,330A 68,861A 5A 3A 9,465A 10,174A
The similar performance of PG to PK CC in 2016 and most sites in 2017 substantiates the suitability of the practice for wet springs. This environmental yield gradient also appears to be somewhat associated with geographical location, as four of six high-yielding environments were located in the southern group, while four of six low-yielding groups were located in the northern group. The minimal yield difference between PG and PK at sites in the northern group, which include most of the lower-yielding environments in Fig. 3 , is corroborated by the insignificance of our mixed model for northern sites. Across treatments, soil temperature at corn planting was 16.5 and 14.5°C at northern sites, compared to 19.6 and 22.6°C at southern sites in 2016 and 2017, respectively. We hypothesize that the 3.1 and 8.1°C cooler soils at northern sites contributed to the lack of treatment effect on yield, as soil was cool enough in both PK and PG treatments to slow germination and emergence compared to the warmer southern sites (Egli and Rucker, 2012) , so the cooler soil in the PG treatment had a more negative impact at southern locations.
Another trend is higher yielding environments at cooperator sites compared to research stations, and therefore higher penalties for PG at cooperator sites compared to research farms. One explanation for this could be that there was higher average CC biomass at research stations compared to cooperating farms, likely due to earlier rye planting date at research stations: across years and termination timings, CC produced 4978 and 3518 kg ha -1 biomass at Landisville and Rock Springs, compared to 2279 and 3448 kg ha -1 at Centre Co. and Lancaster Co., respectively. The associated implication that PG was less detrimental to yield at research stations was likely due to greater biomass at PK, and lower biomass accumulation between PK and PG (average 1759 kg ha -1 , 67% increase from PK to PG) compared to the treatment difference at cooperator sites (average 3306 kg ha -1 , 223% increase from PK to PG). So, PK plots at research stations experienced the challenges associated with higher biomass, like residue interference and cooler soil at planting, explaining the minimal effect of PG on yield at Landisville and Rock Springs.
Conversely, in Fig. 4 , the soybean regression lines (both P < 0.0001) are nearly identical. This is another way to visualize our analysis in the prior section, which concluded no soybean yield difference between treatments. Error variance was similar, but slightly lower in PK (MSE = 6291) compared to PG (MSE = 8068), indicating slightly higher stability for soybean planted into PK CC. We can conclude that killing CC early or planting green does not affect yield stability of soybean.
It is not surprising that soybean out-performed corn in the PG treatment. Corn in the PG treatment suffered increased slug feeding (and possible subsequent yield reduction) compared to PK at one site, while PG soybean did not; and one prior study has shown a one-unit corn grain yield reduction for every 1 to 1.9% of corn leaf area removed (Byers and Calvin, 1994) . Neither did soybean experience the significantly reduced PG population compared to PK in 1 site-year that corn did; and corn yield is tightly associated and generally positively correlated with population in non-arid systems (Assefa et al., 2018; Cavigelli et al., 2008; Woli et al., 2014) . Lastly, we deduced that cooler temperatures in PG compared to PK may have slowed N mineralization, possibly resulting in PG corn yields trending lower than PK in some site-years; and, corn is dependent on soil available N, while soybean is less so, due to their symbiotic relationship with Bradyrhizobium bacteria and the resulting biological N 2 fixation. These differences in pest pressure and population impacts of PG, and crop adaptation and lack thereof help explain the negligible treatment influences on soybean yield, contrasted with reduced PG corn yield compared to the PK treatment in some site-years.
CONCLUSIONS
Planting green: (i) significantly increased CC biomass, resulting in cooler and drier soils at corn and soybean planting; (ii) reduced or did not affect slug feeding in soybean, while increasing or decreasing slug feeding in corn; and (iii) did not influence soybean yield, but was more likely to reduce corn yield. This study has illuminated the impacts of soil cooling under PG, and the vulnerability of corn to these effects, especially in high-yielding humid-temperate environments; and the excellent adaptability of soybean to this practice across locations, variable weather conditions, and agronomic management. Planting green can increase CC biomass and associated soil conservation and ecosystem services, but also requires more attention to cover crop management for successful crop production. Fig. 3 . Linear relationship between mean yields of corn planted into preplant killed (PK) cover crops or planted green (PG) with low yielding environment outlier Rock Springs 2017. A slope greater than 1, as in PK, indicates that the practice is more productive in higher yielding environments. A slope less than 1, as in PG, indicates that the practice is less detrimental in loweryielding environments. Fig. 4 . Linear relationship between mean yields of soybean planted into PK cover crops or PG. A slope very similar to 1, or, that deviates very little from the environmental mean yield, as both treatments above, indicates that the practice is stable across the range of environments.
